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Objectives: The aim of this study was to derive specific linical indications for surgery in patients with chronic critical 
lower limb ischaemia and to determine the extent o which practice in Scotland conformed to these indications. 
Design, materials and methods: Consensus on indications was achieved using a modified Delphi method in which a 
postal questionnaire was completed by 29 vascular surgeons on twooccasions, with feedback between therounds. 
Respondents indicated the appropriateness of arterial reconstruction a d primary major amputation for 218 case scenarios 
comprising all possible combinations ofclinical and angiographic findings. 
Results: Agreement was reached on 31 appropriate indications for major amputation a d 65 for arterial reconstruction. 
In 10 hospitals in Scotland, 400 primary amputation and arterial reconstruction perations were reviewed retrospectively 
and compared with t e indications. The clinical findings for 7 (4%) arterial reconstructions a d 48 (24%) major 
amputations did not conform tothe indications agreed by the Delphi method. The proportion of operations conforming 
to the agreed indications differed significantly by size of unit (p<0.025). 
Conclusions: This study shows that consensus can be reached on indications for surgery. However, in practice some 
operations performed do not conform with these indications. This discrepancy may be due to inappropriate practice. 
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Introduction 
Arterial reconstruction is attempted in only one-half 
of all patients presenting with critical ower limb isch- 
aemia. 1Approximately, one-quarter undergo primary 
major amputation, and most of the remainder are 
treated conservatively. 2 However, published case series 
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suggest that practice may vary significantly between 
units, with some attempting more limb-salvage pro- 
cedures than others. 1 In addition, wide variations have 
been demonstrated in the rates of arterial re- 
construction and major amputation throughout Scot- 
land. 3 Although these operation rates are influenced 
by local disease incidence, referral patterns and case- 
mix, they may also reflect differences in clinical prac- 
tice. The Second European Consensus Document on 
Chronic Critical Leg Ischaemia made general re- 
commendations on the use of surgery but did not 
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define specific indications. 2 In common with many 
diseases, studies on the management of critical isch- 
aemia are insufficient to define precise and com- 
prehensive indications. Also the diversity of clinical 
presentation does not easily permit the conduct of 
controlled trials. 
The modified Delphi technique provides an explicit 
and systematic method of defining indications by con- 
sensus among a panel of specialists. 4'5 It has been used 
previously to determine appropriate indications for a 
variety of procedures, including carotid en- 
darterectomy 6 and coronary artery bypass grafting. 7's 
In this study, the Delphi method was applied by a 
panel of vascular surgeons to define the appropriate 
indications for arterial reconstruction and primary 
major amputation in the management of chronic crit- 
ical lower limb ischaemia. Case notes were then re- 
viewed retrospectively in a representative sample of 
Scottish hospitals to determine the extent to which 
vascular surgical practice conformed to the indications. 
Materials and methods 
Modified Delphi technique 
In the modified Delphi method, a questionnaire is
completed by a panel of specialists who are asked to 
rate the appropriateness of surgery in a series of clinical 
situations. After completion of the questionnaire, the 
results are fed back to each panelist, before inviting 
them to complete a duplicate questionnaire amending 
previous responses if they so wish. The final ap- 
propriateness rating for each indication is determined 
by both the direction and dispersion of responses. 9 
Questionnaire and panelists 
The questionnaire consisted of a series of hypothetical 
case scenarios covering the different clinical pre- 
sentations of critical lower limb ischaemia. Following 
a review of the relevant literature and discussions with 
vascular surgeons, 218 possible case scenarios were 
selected for inclusion in the questionnaire. These were 
described in terms of combinations of the presence or 
absence of rest pain and gangrene, the site and severity 
of tissue loss, the availability of a vein for autologous 
grafting and the angiographic findings (13 options 
presented pictorially). The categories were designed 
to be mutually exclusive while encompassing all con- 
ceivable indications for surgery. The classification was 
sufficiently detailed to ensure that surgery would be 
equally appropriate for all patients within a category. 
Patients were deemed to have already undergone 
appropriate preoperative medical therapy and were 
excluded if unfit for major surgery. Appropriate pre- 
operative treatment included: control of diabetes mel- 
litus, hypertension and hyperlipidaemia, adequate 
attempts at pain relief, use of subcutaneous heparin, 
prostanoids, vasodilating and anti-platelet drugs 
where indicated, antibiotic therapy for systemic in- 
fections, debridement ofnecrotic tissue and advice on 
smoking cessation. Contra-indications to major sur- 
gery were considered to include: dementia, severely 
restricted functional capacity due to respiratory, 
cardiovascular or cerebrovascular disease, markedly 
reduced life-expectancy due, to concomitant life-threat- 
ening conditions or markedly advanced age, patient 
opposition to surgery and lack of fitness for general 
anaesthesia. Chronic critical limb ischaemia was de- 
fined in accordance with the Second European Con- 
sensus Document. 2 A panel of 29 vascular surgeons 
from Scotland and North-East England completed both 
rounds of the questionnaire. Twelve (41%) were full- 
time vascular surgeons and 17 (59%) were general 
surgeons with a vascular interest. All major geo- 
graphical areas Were represented, as were both teach- 
ing and district general hospitals. 
Scoring and feedback 
For each indication, panelists were asked to rate the 
appropriateness of arterial reconstruction a d primary 
major amputation separately using two multi-level 
scales ranging from 1 (extremely inappropriate) to 9 
(extremely appropriate). "Appropriate" was defined 
as meaning that the expected health benefit, in terms of 
increased life expectancy, symptom relief or improved 
function, exceeded the expected negative con- 
sequences by a sufficiently wide margin that the pro- 
cedure was worth doing; "inappropriate" was defined 
as the converse. The financial cost of procedures and 
availability of resources was not to be considered. 
In analysing the results of the first round, the highest 
three and lowest three ratings for each possible in- 
dication were discarded. The remaining 23 scores were 
defined as showing "agreement" if they fell within a 
three-point range and "disagreement" if they did not. 
Indications were classified as "appropriate" if the me- 
dian rating was 7-9 with agreement, "inappropriate" 
if the median was 1-3 with agreement, or "equivocal" 
if the median was 4-6 or there was disagreement. 
After completion and analysis of the first round, feed- 
back was posted to respondents in the form of a 
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histogram of the group's scores for each question. 
Their own score and the group median were also 
marked on the histogram. Analysis of the second 
round was conducted in the same way as the first. A 
Chi-squared test was applied to determine if con- 
vergence of opinion between the two rounds was 
statistically significant. 
presentations contained within the questionnaire. The 
appropriateness of these operations could then be 
assessed in comparison to the indications previously 
defined. Chi-squared tests were used to determine 
whether the appropriateness of operations differed 
significantly between individual units and by size of 
unit. 
Factors affecting ratings 
Multiple linear regression analysis using dummy vari- 
ables was used to assess the extent to which the 
presence of rest pain, degree of tissue loss, availability 
of a vein and angiographic findings influenced the 
overall appropriateness ratings for each operation. 
Each of these variables was divided into sub-cat- 
egories. The face validity of the questionnaire ratings 
was assessed by the trend in median scores across 
these categories when ranked according to disease 
severity. 
A Wilcoxon signed rank test was used to determine 
if the median scores for specialist vascular surgeons 
differed significantly from those for general surgeons 
with a vascular interest. The multiple linear regression 
analysis was also repeated, assessing specialists and 
generalists eparately, to determine if their decision- 
making was influenced by the same clinical variables. 
Comparison with actual surgical practice 
Samples of primary major amputation and arterial 
reconstruction operations were selected using a two- 
stage sampling method. The 20 Scottish ospitals per- 
forming vascular surgery were stratified into three 
groups by size using annual numbers of vascular 
operations as a proxy,measure. "Small" hospitals were 
defined as those performing less than 100 amputations 
plus arterial reconstructions per annum. "Medium" 
performed between 100 and 400 and "large" more 
than 400. A stratified random sample of 10 hospitals 
was then selected. Within each of these hospitals, 
the most recent 20 consecutive arterial reconstruction 
operations and 20 primary major amputations which 
satisfied the inclusion criteria (chronic critical limb 
ischaemia, adequate preoperative management, fitness 
for major surgery and preoperative angiography) were 
obtained from either computer databases or operating 
theatre registers. 
The case-notes and angiograms were reviewed in 
order to categorise patients into one of the 218 clinical 
Results 
Between the first and second rounds opinion con- 
verged significantly on the appropriateness of in- 
dications for both primary major amputation (Chi- 
squared test, p<0.01) and arterial reconstruction (Chi- 
squared test, p<0.0001) (Table 1). In the second round, 
agreement was reached on 31 appropriate indications 
for major amputation and 65 for arterial reconstruction. 
Table 2 contains an example of the scores obtained for 
one specific scenario while, in Table 3, the 218 scenarios 
are allocated to 20 broad categories, for which ap- 
propriate operations are defined. This provides a gen- 
eral overview of the panel results. 
Good face validity was demonstrated. The 218 ques- 
tions were categorised by rest pain, gangrene, vein 
availability and angiography in turn, and the cat- 
egories then ranked according to severity of disease 
(Table 4). As disease severity increased, the mean 
panel score for primary amputation rose, indicating 
its increasing appropriateness. Conversely, arterial re- 
construction scores fell, indicating decreasing ap- 
propriateness. For tissue loss and angiography, where 
there were more than two categories, a consistent trend 
in scores was observed across the categories. 
On multiple linear regression analysis, rest pain, 
gangrene, vein availability and angiogram findings 
explained 74% of the observed variation in amputation 
scores and 75% of that in arterial reconstruction scores. 
Angiogram findings were the most significant de- 
terminant of the appropriateness of both major am- 
putation and arterial reconstruction (p<0.0005) (Table 
5). Tissue loss was also independently associated with 
both scores. The availability of a vein was only sig- 
nificant for arterial reconstruction. Overall, specialists 
rated arterial reconstruction as more appropriate and 
major amputation less appropriate than generalists. 
However, the difference was only significant for ar- 
terial reconstruction (Wilcoxon signed rank test, p = 
0.001). Applying multiple linear regression analysis to 
vascular and general surgeons eparately, vein avail- 
ability was a significant determinant of arterial re- 
construction score for vascular surgeons only (p<0.01). 
In the retrospective review of case notes, clinical 
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Table 1. Ratings of appropriateness of case scenarios as indications for primary 
major amputation and arterial reconstruction fol lowing first and second rounds 
of completion of questionnaire. 
Number (%) case scenarios 
Round I Round II Difference 
between 
I and II* 
Major amputation Appropriate 16 (7%) 31 (14%) 
Inappropriate 53 (24%) 65 (30%) 
Equivocal 149 (68%) 122 (56%) 
Arterial Appropriate 45 (21%) 65 (30%) 
reconstruction 
p<0.01 
Inappropriate 36 (17%) 61 (28%) p<0.0001 
Equivocal 137 (63%) 92 (42%) 
* Chi-Squared test. 
Table 2. Scores obtained for one specific scenario. 
Example of a case scenario: 
A patient who is fit for general anaesthaesia and has received 
maximal medical therapy presents with rest pain and superficial 
digital tissue loss. The angiogram demonstrates occlusion of the 
external iliac, common femoral and superficial femoral arteries, but 
patent vessels more distally and a patent profunda femoral artery. 
Both saphenous veins are intact. 
Results: 
Conclusion: 
Arterial reconstructive surgery 
Primary major amputation 
Arterial reconstructive surgery 
Primary major amputation 
median =9 
range 8-9 
median = 1 
range 1-2 
appropriate 
inappropriate 
practice was compared with the appropriateness scores 
of all 218 scenarios. Forty-eight percent of arterial 
reconstructions were judged to have conformed with 
the agreed indications (Fig. 1). The 49% classified as 
equivocal were predominantly femorodistal re- 
constructions. Only seven (4%) did not conform with 
the indications. There were significant differences in 
the degree of conformity for arterial reconstruction 
operations both between individual hospitals (Chi- 
squared test, p<0.05) and by size of unit (Chi-squared 
test, p<0.025). The percentage of arterial re- 
constructions conforming with the indications fell from 
65% in small hospitals to 48% in large hospitals. Con- 
versely, the percentage of reconstructions not con- 
forming rose from 3% to 8%. 
Only 31% of primary major amputations conformed 
with the agreed indications (Fig. 1). Twenty-four per- 
cent did not conform. These were predominantly 
patients with moderate degrees of tissue loss and 
inflow obstruction in addition to either outflow or 
superficial femoral occlusion. The percentage of am- 
putations not conforming with the indications differed 
significantly by size of unit (Chi-squared test, p<0.025), 
although there were no clear trends apparent. The 
difference between individual units was not stat- 
istically significant. 
Discussion 
Ideally, appropriate indications for surgery should be 
derived from the results of randomised clinical trials, 
but these are lacking for many treatments. Consensus 
guidelines are not a substitute for experimentally de- 
rived standards, but can provide useful guidance in 
their absence and are preferable to arbitration by a 
single opinion. The Delphi method provides an explicit 
and systematic method of defining indications by con- 
sensus and has been used previously to develop guide- 
lines for a number of surgical procedures. 6 8
Some consensus methods require complete agree- 
ment and have therefore been criticised for producing 
"bland" recommendations which have already been 
widely implemented. 4"1° By contrast, the Delphi 
method allows for minor degrees of dissention by 
omitting the most atypical responses before assessing 
consensus. Alternative methods have also been cri- 
ticised for producing results which are biased towards 
the views of the most vocal member of the group. 9In 
the Delphi method, participating experts are polled 
individually and anonymously, using self-ad- 
ministered questionnaires. They are therefore able to 
express their views impersonally, while ultimately 
providing information generated by the entire group. 
The reliability of the Delphi method increases with 
the size of the panel, 1I and since the questionnaires 
can be posted, there is no geographical constraint on 
the selection of panelists. 
The Delphi technique has been shown previously 
to be a reliable and valid method of deriving clinical 
indications for surgery. 6 As in these previous studies, 
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Table 3. Overview of procedures agreed as appropriate for categories of clinical presentation. 
Angiographic findings Degree of gangrene Appropriate procedure 
SFA or more proximal None Arterial reconstruction 
occlusion with patent 
popliteal and distal vesels 
Digital 
Forefoot 
Midfoot or heel 
Arterial reconstruction 
Arterial reconstruction 
Arterial reconstruction i  most cases 
Patent SFA and proximal 
vessels. Complete occlusion 
of tibial, ankle and foot 
vessels 
None 
Digital 
Forefoot 
Midfoot or heel 
Major amputation i  most cases 
Major amputation i  most cases 
Major amputation i  most cases 
Major amputation 
SFA and all distal vessels None 
occluded 
Digital 
Forefoot 
Midfoot or heel 
Major amputation i  most cases 
Major amputation i  most cases 
Major amputation 
Major amputation 
Inflow and distal vessels 
occluded. SFA and PFA 
patent. 
None Arterial reconstruction 
Digital 
Forefoot 
Midfoot or heel 
Arterial reconstruction 
Arterial reconstruction 
Arterial reconstruction i  most cases 
Tibial vessels occluded but 
patent segment(s) at ankle 
or foot. 
None 
Digital 
Forefoot 
Midfoot or heel 
Arterial reconstruction (if vein available) 
Arterial reconstruction (if vein available) 
Arterial reconstruction (if vein available) 
Arterial reconstruction (if vein available) 
SFA = superficial femoral artery; PFA =profunda femoral artery. 
Table 4. Mean panel score of appropriateness by sub-categories of rest pain, tissue loss, vein 
availability and angiogram findings. 
Mean panel score 
Number of Major Arterial 
questions (%) amputation reconstruction 
Rest pain 
Tissue loss 
Vein availability 
Angiogram 
Absent 66 (45%) 2.7 5.6 
Present 15 (55%) 4.6 5.3 
None 22 (10%) 2.9 5.8 
Digital 48 (22%) 2,9 5.6 
Superficial forefoot 48 (22%) 3.5 5.6 
Superficial 48 (22%) 4.2 5.6 
midfoot/heel 
Deep forefoot 26 (12%) 4.4 5.4 
Deep midfoot/heel 26 (12%) 6.6 4.0 
Vein available 109 (50%) 3.9 5.7 
No vein available 109 (50%) 4.3 5.1 
Inflow and/or  SFA 72 (33%) 1.5 8.5 
occlusion 
Inflow and outflow 36 (17%) 2.4 7.3 
occlusion 
Outflow occlusion 36 (17%) 4.5 5.1 
but ankle patent 
Outflow occlusion 18 (8%) 7.1 1.9 
Outflow and SFA 56 (26%) 7.6 1.0 
occlusion 
SFA = superficial femoral artery. 
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Table 5. Multiple linear regression analysis of the association 
between operation appropriateness scores and clinical parameters. 
Odds ratio (95% C.I.) 
Major Rest pain 3.7 (2.5-6.0)~ 
amputation Tissue loss 1.5 (1.4-1.6):~ 
Angiogram 4.1 (3.7-5.0)9 
Vein availability 1.3 (0.9-2.0) 
Rest pain 0.7 (0.4-1.2) 
Arterial Tissue loss 0.8 (0.7-0.9)* 
reconstruction Angiogram 0.2 (0.!-1.2)~ 
Vein availability 0.5 (0.3-0.8)~ 
* p<0.05. 
~r p<0.01. 
p<0.001. 
~[ p<0.0005. 
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Fig. 1. Degree to which primary major amputation and arterial 
reconstruction perations performed in 10 Scottish ospitals con- 
formed with agreed clinical indications. ([3) major amputation; (11) 
arterial reconstruction. 
the large number of indications classified here as in- 
appropriate reflects the aim of making the ques- 
tionnaire as inclusive as possible of all potential 
presentations. For those indications where agreement 
is good, guidelines can be formulated. Of equal import- 
ance is the identification of those clinical situations 
where consensus is lacking. In this study, opinion 
was divided on the most appropriate management of
patients with occluded femoral, popliteal and proximal 
tibial arteries, but patent arteries at the ankle or foot 
level. This reflects the lack of trial information on 
the outcome following distal reconstruction. In such 
situations, some surgeons would advocate femo- 
rocrural reconstruction, especially if a suitable vein is 
available for autologous grafting. However, this is a 
time-consuming procedure requiring high levels of 
surgical expertise and vascular laboratory and radio- 
logical support, and it does not find unanimous up- 
port. I'12 Highlighting areas of divergent opinion, helps 
direct future studies into those areas where they are 
most needed. 
Indications derived by consensus must reflect all 
perspectives. In this study, the large number of pan- 
elists and their representation f all localities and types 
of units reduced the risk of bias. The good validation 
results and the ability of clinical parameters to explain 
most of the variability in scores further enhanced the 
credibility of the results. Also, the majority of surgeons 
performing vascular surgery in Scotland participated 
directly in the rating of indications, thereby increasing 
the likelihood that they are a good reflection of overall 
opinion. 
The actual practice of vascular surgeons in Scotland 
differed from their own ratings of appropriate practice. 
The discrepancies found may reflect inappropriate 
practice. If this is the case, and the results are gen- 
eralised to all units in Scotland, over 170 patients in 
Scotland may each year be undergoing major am- 
putation unnecessarily. 3 However, clinical decision- 
making may have been influenced by factors which 
were not incorporated into the case scenarios, such as 
patients' wishes, available resources, surgical ex- 
perience, the results of supplementary investigations 
and clinical factors unrelated to fitness for major sur- 
gery) 3 A prospective study is required to determine 
the extent o which such factors influence the decisions 
made by vascular surgeons. 
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